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be of the air-hardening class. These are the only steels
which will harden, sufficiently easily and thoroughly, to
attain a strength of 100 tons per square inch in the centre
of a large part. In small parts, this strength can be
obtained .from steels which must be hardened either in
oil or water, but it should be pointed out that, when
steels of this kind are heat treated to produce a high
tensile strength, they generally possess comparatively
unsatisfactory ductility and notched bar values, whereas
the air-hardening steels will give very good values for
both these properties. The engineer will be well advised,
therefore, to employ air-hardening steels for almost all
parts in which he requires a reasonably uniform maximum
strength, throughout the mass, of 100 tons per square
inch or over.

There are many kinds of air-hardening steels. Steels
containing a high proportion of nickel and a moderate
proportion of carbon, will harden when cooled in air
from a sufficiently high temperature (see p. 56). Steels
containing a high percentage of manganese also harden
in air. Steels containing a high proportion of chromium
and a moderate proportion of carbon will harden in air,
whilst high tungsten steels (e.g., high speed steels) are
air hardening. The majority of these steels have some
disadvantage or other which renders them comparatively
useless for most structural engineering purposes, and the
type of steel most usually employed for engineering parts
in which a high strength is required is that containing
both nickel and chromium.

It is desirable to investigate what are the causes of
air hardening in some nickel chromium steels. It will
be clear from the statements made in Chapter III
regarding hardening, that the property of air hardening
of nickel chromium, or any other, steel, depends upon the
fact that the solid solution formed in that steel at high
temperatures remains intact, and does not decompose
during the comparatively slow cooling, in air, down to
room temperatures. There may be many reasons for